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TRANSMITTER AND METHOD OF OPTIMISING THE TRANSMITTER 

PERFORMANCE 



5 Field tf the Invention 
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This invention is related to radio transmitter designs and, in 
particular, to linear transmitter designs and their operation in time 
division multiple access (TDMA) communications systems. The invention 
is applicable to, but not limited to, reduction of interference in such TDMA 
communications systems. 



Background of the Invention 



15 - - 

The rapid development of digital communications systems, coupled 
with the increasing performance gains and complexity associated with the 
signaT processing integrated circuits (ICs) required to provide for such 
systems, has generated a new era of communication problems to be solved. 

20 Such systems are designed to communicate ever more information within 
tfie~available resources of frequency and/or time. In Time Division 
Multiple Access (TDMA) communications systems, linear transmitters are 
ofteiTtised to facilitate transmission of more information within a given 
frequency bandwidth, but as a consequence tend to transmit more 

25 mteitleiing power into the adjacent frequency channels (often termed 

splatter) The level of such adjacent channel interference is typically due to 
eHlliifXl)- the type of Unear transmitter technology used and/or (ii) the 
inherent noise levels associated with the complex ICs. 

Standard radio transmitter amplifiers operating in a class 'A* mode 

30 are inherently inefficient and therefore linearisation techniques are 

typically used to improve the transmitting efficiency. This is particularly 
the case for portable applications where battery life is a critical factor. 
Some' international communications standards, e.g. the European 
Telecommunications Standard Institute's (ETSI) TErrestrial Trunked 

35 RAd@W^KA) standard, have set stringent limits for adjacent channel 
coupled power ratio (ACCPR) and wideband noise level performance, 
namdly the aforementioned transmitter interference permitted in adjacent 
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frequency channels. These stringent performance limits conflict with the 
requirement to transmit more information in less resource. 

This invention seeks to provide a method for reducing adjacent 
channel interference of linearised transmitters and a linearised 
5 transmitter circuit to facilitate such a reduction. 

Summary of the Invention 

10 According to a first aspect of the preferred embodiment of the 

invention, a method for optimising adjacent channel transmissions of a 
transmitter circuit is provided. The transmitter circuit includes a 
baseband processing circuit, whose output is connected to a monitoring 
circuit and a variable amplifier, wherein the variable amplifier is operably 

15 coupled back to the baseband processing circuit via a feedback loop. The 
method includes the steps of: transmitting a signal from the baseband 
circuit; monitoring the wideband nature of the signal output from the 
baseband circuit; and adjusting the variable amplifier in such a manner as 
to reduce wideband transmissions from the linearised transmitter circuit. 

20 Preferably, the transmitter circuit is a linearised transmitter circuit and 
the step of monitoring the wideband nature of the signal output from the 
baseband circuit is performed whilst the feedback loop is open and is 
performed during factory set-up of the radio. 

In the preferred embodiment of the invention, the transmitter circuit 

25 further includes a power amplifier operably coupled to the variable 

amplifier such that the power amplifier output provides a signal into the 
feedback loop and adjustment of the variable amplifier limits the non-linear 
nature of the linearised transmitter circuit to the baseband processing 
circuit. Furthermore, the step of monitoring the wideband nature of the 

30 signal, output from the baseband circuit, includes monitoring the signal 
output from the baseband linearisation circuit to determine a signal-to- 
noise value. 

Advantageously, in the preferred embodiment of the invention, the 
determination of the signal-to-noise value helps to set the variable amplifier 
35 to a level that minimises out-of-band transmissions. 
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^Pyrtbermore, in the preferred embodiment of the invention, the 
method further includes the steps of increasing a ramp signal input to the 
baseband linearisation circuit, determining the voltage variable attenuator 
value when saturation of the power amplifier occurs, comparing the 
determined voltage variable attenuator value to a predetermined second 
voltage variable attenuator value and selecting the highest voltage variable 
attenuator value to use for subsequent transmissions from the transmitter. 
In th^ manner, the circuit can be optimised for transmissions during the 
^^^E^fiffiig process. Subsequently, when the method is performed in 
use and the transmitter performance changes due to say, ageing qf_ 
components, environmental conditions, etc., the transmitter can adapt its 
out-of-band performance accordingly. 

In a second aspect of the preferred embodiment of the invention a 
linearised transmitter circuit is provided for reducing out-of-band 
15 ixit«ference. The linearised transmitter circuit includes a baseband 
linearisation circuit having a baseband input and provides a filtered 
baseband output signal and a monitoring circuit for monitoring the 
baseband output signal. A variable gain element is provided for receiving 
the filtered baseband output signal and for providing an output signal and a 
20 feedback circuit for receiving at least a portion of the output signal and 
coupling a feedback signal to the baseband linearisation circuit. A 
controller ts operably coupled to the variable gain element for agisting the 
gain # the variable gain element in response to the monitored baseband 
outpirtrsignal, so as to reduce out-of-band transmissions. 
25 ^i jhi the preferred embodiment of the invention, the linearised 

traildMitter circuit includes a power amplifier, operably coupled to the 
baseband linearisation circuit and the feedback circuit, for receiving a high 
^^??f^ tfu ^ ut sisnal ^d for providing a transmitter circuit output. 

of variable gain element ensures that the baseband 
30 piW ^^^^* Jtiit is ^ e Kmi^g non-linearity factor of the linearised ^ 
transmitter drtniit. Preferably, a combined power gain of a forward pith to 
the feedback path of the transmitter circuit is substantially constant thereby 
maintaining a constant power gain of the feedback loop of the linearised 
transmitter circuit. 
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A preferred embodiment of the invention will now be described, by 
way of example only, with reference to the drawings. 

5 Rriftf Description of the Drawings 

FIG. 1 shows a block diagram of a prior art Cartesian feedback 
linearised transmitter circuit. 

FIG. 2 shows a block diagram of a simplified theoretical model of the 
10 Cartesian feedback transmitter. 

FIG. 3 is a block diagram of a Cartesian feedback linearised 
transmitter circuit, in accordance with a preferred embodiment of the 
invention. 

FIG. 4 is a flow chart detailing a method for optimising the 
15 performance of a radio transmitter to minimise adjacent channel 
transmissions, in accordance with the preferred embodiment of the 
invention. 

20 Detailed De scription of the Drawings 

Referring first to FIG. 1, a block diagram of a prior art Cartesian 
feedback linearised- transmitter circuit is shown. The linearised 
transmitter circuit is part of a communications unit, i.e. a radio 

25 transmitter, and comprises a digital input signal 8, operably coupled to a 
digital signal processor (DSP) 10, a digital to analog converter (D/A) for an 
in-phase (I) channel 11, and a D/A for a quadrature (Q) channel 12. The I 
channel 11 is operably coupled to an input attenuator 13, which in turn is 
operably coupled to a summing junction 15 and thereafter a loop filter 21. 

30 The Q channel 12 is operably coupled to an input attenuator 14, which in 
turn is operably coupled to a summing junction 17 and thereafter a loop 
filter 22. 

The linearised transmitter circuit further includes within a low 
frequency portion of the circuit, a summing junction 24 for combining the 
35 output from the Q-channel loop filter 22 and I -channel loop filter 21, 

connected to a low pass filter 28, and thereafter to an up-conversion forward 
step attenuator 29. A high frequency portion of the circuit includes a mixer 
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30 connected to the up-conversion forward step attenuator 29, connected to a 
power amplifier 31, and connected thereafter to an antenna 33 and a 
coiq>ler 32. The coupler 32 provides a feedback path by connection to a down 
converter feedback step attenuator 34 and a down-mixer 35, provided a 
dovm^ifactog signal by a main local oscillator (LO) 36. The low frequency 
portion of the feedback circuit consists of a baseband amplifier 41 for-the I- 
channel operably coupled to the I-channel summing junction 15 and a 
baaibaind amplifier 40 operably coupled to the Q-channel summing junction 
17. " 

Inr operation, a digital input signal 8 is fed into both the I and Q D/A 
converters to provide I and Q baseband analog signals which are 
attenuated by input attenuator 13 and input attenuator 14 respectively. The 
^ te ? ,ed ana *°£ signals are then combined at summing junction 15 and 
s nmlmng j^ction 17 respectively with real-time fedback signals to provide 
15 Knearised baseband I and Q signals. The linearised baseband I and Q 
signals are input to loop filter 21 and loop filter 22 respectively and then 
combined to^rovide a single baseband linearised signal. The single 
baseband linearised signal is filtered by low pass filter 28 and attenuated by 
the up-conversion forward step attenuator 29 to provide an attenuated 
20 bas«&and linearised signal. . ^ 

The attenuated baseband linearised signal is up-converted to a 
suitable radio frequency by the mixer 30 and main local oscillator (LO) 36, 
vrh&m it is amplified by the power amplifier 31. The amplified linearised 

18 8am P led fe y ^ coupler 32 and the sampled signal fed via the 
25 down converter feedback step attenuator 34 to the down-mixer 35 to produce 
a baseband fedback signal. The down converted signal is divided and input 
to ^>^|^3 r «»plifier 41 for the I channel and to the baseband amplifier 40 
for the Q channel in order to close the real-time feedback loop. 

The combined attenuation of up-conversion forward step attenuator 
30 29 and down-converter feedback step attenuator 34 are complementary aid 
are typically set to be 20 dB. This ensures that the open-loop gain is 
con ?^l 3re 5 ardless of ^ e P° wer control state, which is kept constant 
dci^^ph^^hole of the transmission in the TX slot. - 
~ A problem associated with such a transmitter operating ^in a^TOMA 
35 communications system is that the transmitted power, leaked into adjacent 
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frequency channels and more particularly the out-of-band channels, is 
high. 

Linear transmitters often use negative feedback techniques, e.g. the 
Cartesian feedback circuit of FIG. 1, to achieve high linearity of the 

5 transmitted output spectrum and thereby minimise adjacent channel 

splatter generated by say, linearising the more efficient, but inherently less 
linear class AB Power Amplifier (PA) as compared to class 'A' PAs. The 
Cartesian feedback loop operates in a closed-loop arrangement. In such an 
arrangement the non linear RF class AB PA and the feedback signal are 

10 negatively combined with the input signal at a baseband frequency in its 
quadrature T and 'Q' form. The PAs linearity performance improves 
proportionally to the loop-gain when the loop is closed. 

Referring now to FIG. 2, a block diagram of a simplified theoretical 
15 model of the Cartesian feedback transmitter. The simplified theoretical 
model of the Cartesian feedback transmitter includes the following 
components: an input signal Vin 90 connected to a forward summing 
junction 91, in turn connected to a forward gain element 'A' 92. The 
forward gain element 92 provides a transmitter output signal Vout 96, 
20 which, in turn, is connected to a coupler 97 for providing a feedback signal 
to a feedback gain element *p° 93, and thereafter to a feedback summer 95 
and a feedback additive noise signal Nf 94. 

In operation, the feedback additive noise signal Nf 94 represents the 
noise that is dominant in the adjacent frequency channel. 

The transfer function from the feedback additive noise signal Nf 94, 
in closed loop operation, at the transmitter output Vout 96 is: 

V in 1 + P.A Nf 

where : 

A - Forward path gain: \lC) + A(driver stage) + ^Hpower amplifier) 
P - Feedback path gain 

35 



25 



30 
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Inside, the loop bandwidth |3A » 1 the transfer function can be 
approximated as: 



lit— =-L- = Yout (2) 
5 0 Nf 

Outride the loop bandwidth pA « 1 the transfer function can be ' 
approximated as: 

1° %u^= A (3) L 

When the power control state is changed from the higher power state 
in to the lower power state, the feedback gain 0 is increased by a 
15 conqplementary amount to compensate for the decrease in power gain, 
^*5£ **** n oise contribution at the adjacent channel is effectively 

decreased by say, 5 dB and the ACCPR performance is improved by sky 5 

dB. • - • :::?y^..: 

20 Referring now to FIG. 3, a block diagram of a Cartesian feedback 

linearised transmitter circuit, in accordance with the preferred"""^? , 
embodiment of the invention is shown. The linearised transmitter circuit 
is designed such that adjacent channel transmissions, and irk particular 
wideband noise transmissions, are reduced. The linearised transmitter 

25 circuit includes a baseband linearisation circuit 51 having a baseband 

input 60 providing a filtered output 62. The baseband linearisation circuit 
51 includes an in-phase (I) channel 77 having a digital to analog converter 
(D/A) 62, operably coupled to an input attenuator 55, and thereafter to an 
gumming junction 57 and a loop filter 59. A feedback signal W mput to the 

30 I-diannel at the s umming junction 57 via a baseband amplifier 74. The ' " ' 
baseband linearisation circuit 51 also includes a quadrature (Q) channel 78 
havi ?l * .*^ ital to anal °S (D/A) converter 54, operably coupled to an input 
attenuator 56, and thereafter to an summing junction 58 and a loop filter 
60. A feedback signal is input to the Q-channel at the sununing junction 58 

35 via a baseband amplifier 73. A digital signal processor (DSP) 53 is also 7 
provided within the baseband linearisation circuitry 51. 
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The linearised transmitter circuit also includes a frequency up- 
conversion circuit 75, for receiving the filtered output 62 and for providing 
an up-converted signal to a voltage variable attenuator 64. The voltage 
variable attenuator 64, attenuates the signal received from the frequency 
5 up-conversion circuit 75 and provides a high frequency output 79 to a power 
amplifier 66. The power amplifier 66 provides an amplified up-converted 
signal to the baseband monitor 63, whose output is connected to the voltage 
control element 61. The voltage control element controls the attenuation 
setting of the voltage variable attenuator 64 and second voltage variable 
10 attenuator 72. The power amplifier output 82 is fed to a sampling circuit 67, 
e.g. a coupler, and then an antenna 68. The sampling circuit 67 provides a 
feedback signal 70 to a frequency down-conversion circuit 76, via the second 
voltage variable attenuator 72. A frequency up-conversion signal 80 and a 
frequency down-conversion' signal ^^^ ^l a^e provided by a main local oscillator 
15 69. The frequency down-conversion circuit 76 provides a low frequency 
output 83 which is fed to a baseband amplifier 73 and baseband amplifier 
74, within the baseband linearisation circuitry 51. 

In operation, the baseband input 50 is fed into the baseband 
linearisation circuit 51, divided into two signals in quadrature to each other 
20 and input to I-channel 77 and Q-channel 78 respectively. In each respective 
channel the input signal is converted from a digital signal to an analog 
signal by the D/A 52 in I-channel 77 and D/A 54 in Q-channel 78. The 
analog signals are attenuated by the input attenuator 55 and input 
attenuator 56, summed with fedback signals at the summing junction 57 
25 and s umming junction 58, and filtered by loop filter 59 and loop filter 60 

respectively. The signals from the I-channel output and Q-channel output 
are combined to provide a filtered output 62. The filtered output signal 62 is 
up-converted via frequency up-conversion circuit 75, and amplified by 
power amplifier 66. The amplified up-converted output 82 is monitored by 
30 the baseband monitor 63, to determine the adjacent channel coupled power 
ratio (ACCPR) and/or signal-to-noise performance of signals leaving the 
baseband linearisation circuit 51. The baseband monitor 63 is preferably 
connected to the voltage control element 61 for setting the voltage variable 
attenuator 64, in accordance with the monitored ACCPR and/or signal-to- 
35 noise level. The output from the voltage variable attenuator is input to the 



i 
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power amplifier 66 which amplifies the attenuated signal and provides the 
transmitter circuit output 82. 

, ^ The sampling circuit 67 couples off a portion of the transmitter 
oro^ Qutput 82 and inputs the fedback signal to the second voltage 
5 variable attenuator 72. The second voltage variable attenuator 72 provides 
the fedback signal 70 to the frequency down-conversion signal 81 where it 
is mjxed with the feedback signal 70, at the mixer 71, to provide the low 
frequent feedback signal 83. Preferably the optional second voltage 
variable attenuator 72 adjusts the power level of the low frequency feedback 

10 signal 83 and is also controlled by the voltage control element 61. The low 
frequency output 83 is divided and input to the I channel 77 via the - 
baseband amplifier 74 and input to the Q channel 78 via the baseband 
amplifier 73 in order to close the real-time feedback loop. An advantage of 
placing a second voltage variable attenuator 72 in the feedback path is that 

15 the noise inside the loop bandwidth can also be optimised 

In the preferred embodiment, the linearised transmitter circuit is a 
Cartesian feedback linearised transmitter circuit although it is within the 
contemplation of the invention that other linearised transmitter ! 
technologies, such as Adaptive Pre-distortion, benefit from the inventive 

20 concept. It is also within the contemplation of the invention that alternative 
topologies and arrangements for adjusting the gain of signals can be used. 

In operation, in order to maintain the required linearity, low spectral 
output across the out-of-band frequencies, and an optimised efficiency of the 
radio transmitter, it is necessary to tune the drive level to be below a clip 

25 (sa^gggiltton) level and maximise the signal to noise ratio of the signal ^ 
exiting the baseband linearisation circuit 51. The preferred method is to 
use a training ramp at the baseband input that increases the signal output 
from the power amplifier 66 until clipping of the power amplifier output is 
detected by comparing the loop error to a level that indicates clip. Hie 

30 ramps input level is sampled at the time that clip is detected and the data 
input level is adjusted to be below clip. The slope of the ramp is calibrated 
so that the clip will occur. 

Before the clip occurs, the loop error voltage is typically a small 
constant value V normerror . When the dip occurs, the loop error voltage 
35 rise? rapidly until it reaches Vthreshold clip is detected. -The 

voltage of the analog ramp is then sampled and held. At the same time, the 



G B00232 9538 [ http ://www. geUhepa^ 



10 

DSP outputs a constant signal level. The signal from the DSP is compared 
with the sampled value of the analog ramp and using a successive 
approximation algorithm, the variable attenuator is set to value at which 
the DSP signal is equal to the held ramp signal. After the clip is detected 
5 and the ramp value is sampled and held, the ramp is disabled. 

Then the variable attenuator value that was set during the training 
routine is compared with the value of the variable attenuator in the code- 
plug of the radio. The value of the variable attenuator in the code plug of 
the radio is set during the power tuning in the factory and corresponds to 

10 the optimum radio output power, for example as specified by the radio 

standard. The radio software selects the larger of the two values and uses 
it for the "non-training" slots, i.e. the slots used for transmitting signalling 
or traffic information. 

The power at the output of the Cartesian loop transmitter is set by 

15 the amount of gain in the feedback path ((3). The power output capability of 
the transmitter is determined by the capability of the final amplification 
device, the power amplifier 66. The signal to noise ratio at the output of the 
transmitter outside the loop bandwidth of the feedback transmitter is 
limited by the signal to noise of the baseband linearisation circuit 51. 

20 Hence, in order to maximise the signal to noise ratio of the transmitter, 
maintain linearity and maximise the transmitter efficiency, the signal to 
noise ratio of the baseband linearisation circuit 51 must also be maximised. 
It is noted that the dominant noise of the baseband linearisation circuit 51, 
typical in such applications, tends to be of an additive nature. 

25 By monitoring and setting the gain after the baseband processing 

circuit, the output power, and therefore the signal-to-noise ratio of the 
output signal, is controlled. This is arranged to ensure that the signal-to- 
noise of the baseband processing circuit 51 is the limiting factor of the 
whole transmitter's signal-to-noise ratio, thereby minimising the out-of- 

30 band spectral emissions. 

To control the output signal-to-noise of the baseband processing 
circuit, and also optimise the output power level, a voltage variable 
attenuator 64 (WA) is used in the forward path of the loop. Preferably the 
optimal value of the signal level, output from the baseband processing 

35 circuit is determined during the radio manufacture or during any radio 

set-up routine in the factory or in the field. The WA 64 is preferably tuned 
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in Ute factory while the transmitter is in the open loop mode, to ensure that 
the ccnrrect amount of transmit power is supplied at the antenna. TDie 
tnn^^ can be performed for a number frequencies and the results stored 
in, for example, a memory unit or the radio codeplug. Once manufactured, 
5 the radio uses the stored WA 64 values and interpolates the WA 64 
values in between the tuned frequencies. 

...JljM? sboye tuning of the WA 64 guarantees that the limiting non- 
linear element of the transmitter is the baseband processing circuit 51 (or 
baseband feedback coupling Integrated Circuit) and not the power 
10 amplifier (PA), as it is in conventional transmitter architectures. 

Iteferring now to FIG. 4, a flow chart detailing a method for 
minirnimng out-of-band transmissions in a time domain commi^ipations 
system, in accordance with the first aspect of the preferred embodiment of 

15 the invention, is shown. The method for minimising the transmissions 
includes, in the factory in step 99, the step of transmitting a modulated 
signal into the baseband linearisation circuit 51, as in step 100, and, 
nM>nitoring the signal output from the baseband linearisation circuit 51 at a 
higbr frequency coupler/antenna port to determine an adjacent channel 

20 coupled power value (ACCPR) and/or signal to noise level output from tfce 
baseband linearisation circuit 51, as in step 101. A WA attenuation is 
increased until the power amplifier enters a clip region (saturates), as 
shown in step 102. Once dip is detected, the loop is opened and the level of 
the variable attenuator decreased by say, 2 dB. The WA level is then 

25 programmed into say, the code-plug of the radio, as shown in step 103. 
This process is then repeated for each desired frequency, until all of the 
frequencies of operation have a dedicated and optimised WA level, as 
shown in step 104. 

In the preferred embodiment of the invention, a different tuning 

30 procedure is used in the field, i.e. once the radio is being used. The 

preferred procedure in the field, as shown in step 105, includes using the 

-•VrifW'jr." "= 

WA code plug values for transmission, as in step 106. The adjacent 
channel coupled power value (ACCPR) and/or signal to noise level is 
measured by the monitor 63, as shown in step 107, to determine whether 
35 "clip" is detected of the transmitted signal, as in step 108. If clip is detected 
in step 108, the WA value is decreased in step 109 and the adjacent 
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channel coupled power value (ACCPR) and/or signal to noise level is 
measured by the monitor 63. This loop back is preferably a continuous 
iterative process to further optimise the WA value for transmission, 
although it does not need to be. If clip is not detected in step 108, 
5 information is transmitted with optimal out-of-band spectral emissions, as 
shown in step 110, and the process waits until the next transmission, as in 
step 111, before the WA code plug values are used again for transmission, 
as in step 106. 

An alternative method of optimising the WA includes, opening the 
10 loop whilst monitoring the on-channel power level and tuning the WA 
value to a pre-determined level, based on the desired output level and 
desired out-of band performance, for that level. Preferably, this method 
would also be carried out over the frequency range of interest. This method 
is advantageous when the clip level is more or less stable for the radio(s) 
15 being tuned. 

Advantageously, in the preferred embodiment of the invention, this 
method can reduce out-of-band transmissions in a Cartesian feedback 
linearised transmitter circuit by at least 10 dB. 



20 
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Claims 

1. A method for optimising adjacent channel transmissions of a 
transmitter circuit having a baseband processing circuit, whose output is 

5 connected to a monitoring circuit and a variable amplifier wherein the 
variable amplifier is operably coupled back to the baseband processing 
circuit via a feedback loop, the method comprising the steps of: 
transmitting a signal from the baseband circuit; 
monitoring the wideband nature of the signal output from the 
10 baseband circuit; and 

adjusting the variable amplifier in such a manner as to reduce 
wideband transmissions from the transmitter circuit. _ c 

2. The method of claim 1, wherein the step of monitoring the wideband 
15 nature of the signal output from the baseband circuit is performed whilst 

the feedback loop is open. 



3. ||flite method of claim 1 or 2, wherein the transmitter circuit is a 
linearised transmitter circuit and further comprises a power ampUffigdF 
20 operably coupled to the variable amplifier such that the power amplifier 
output provides a signal into the feedback loop and adjustment of the 
. variaSbie amplifier limits the non-linear nature of the linearised 
transmitter circuit to the baseband processing circuit. 



25 4. - Tfte ^method for optimising adjacent channel transmissions 

according to any one of claims 1, 2 or 3, wherein the step of monitoring the 
wid^lM nattire of the signal output from the baseband circuit includes 
moniforijag the signal output from the baseband circuit to determine a 
sigri^-to-noise value. 
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5. The method for optimising adjacent channel transmissions 
according to claim 3 or 4, the method further comprising the steps of: 

increasing a ramp signal input to the baseband circuit; 

determining the voltage variable attenuator value when saturation of 
the power amplifier occurs; 

comparing the determined voltage variable attenuator value to a 
predetermined second voltage variable attenuator value; and 

selecting the highest voltage variable attenuator value to use for 
subsequent transmissions for the transmitter. 
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6. A linearised transmitter circuit for reducing out-of-band 
interference, the linearised transmitter circuit comprising: 

a baseband linearisation circuit having a baseband input and 
providing a filtered baseband output signal; 
15 a monitoring circuit for monitoring the baseband output signal; 

a variable gain element for receiving the filtered baseband output 
signal and for providing an output signal; 

a feedback circuit for receiving at least a portion of the output signal 
and providing a feedback signal to the baseband linearisation circuit; and 
20 a controller operably coupled to the variable gain element for 

adjusting the gain of the variable gain element in response to the monitored 
baseband output signal so as to reduce out-of-band transmissions. 

w 7. The linearised transmitter circuit according to claim 6, further 

25 comprising a power amplifier operably coupled to the baseband 

linearisation circuit and the feedback circuit for receiving a high frequency 
output signal and providing a transmitter circuit output, wherein 
adjustment of the variable gain element ensures that the baseband 
processing circuit is the limiting non-linearity factor of the linearised 
30 transmitter circuit. 

8. The linearised transmitter circuit according to any of the preceding 
claims 6 or 7, wherein a combined power gain of a forward path to the 
feedback path of the transmitter circuit is substantially constant thereby 
35 maintaining a constant power gain of the feedback loop of the linearised 
transmitter circuit. 
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9. , The linearised transmitter circuit according to any of the preceding 
claims 6 to 8, wherein the baseband input, filtered output and low frequency 
output comprise two signals in quadrature to each other and the linearised 
transmitter circuit is a Cartesian feedback linearised transmitter circuit. 

10. A linearised transmitter circuit substantially as described herein 
with respect to FIG. 3 of the drawings. 

11. A method for minimising the out-of-band transmissions of a 
transmitter substantially as described herein with respect to FIG. 4 of the 
drawings. 
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